Background: Gram-negative bacilli are not infrequently encountered as etiologic organisms of pneumonia in children in warmclimate countries.
Results: The study included 912 children, 482 (53%) with pneumonia and 430 (47%) controls. Aerobic gram-negative bacilli were seen in 79 (16%) of the 482 children with pneumonia and 51 (12%) of the 430 healthy controls. Nonfermentative gramnegative bacilli were seen in 85 (18%) of children with pneumonia and 54 (13%) of healthy controls. Neither gender, nutritional status, season, previous hospital admission nor antibiotic use was associated with carriage with gram-negative bacilli. However, pneumonia was associated with increased carriage, whereas concomitant colonization with Streptococcus pneumoniae or Haemophilus influenzae was associated with decreased carriage with gram-negative bacilli. Only 36% of all Escherichia species and 76% of all Klebsiella isolates were susceptible to cotrimoxazole; 90% of all Acinetobacter species were susceptible to gentamicin. Studies on the etiology of community-acquired pneumonia based on culture of bacteria from blood, lung, or pleural fluid, have consistently shown Streptococcus pneumoniae and to a lesser extent Haemophilus influenzae to be the leading bacterial causes worldwide. lW3 However, in warm-climate countries, gram-negative bacilli (GNB) are not infrequently encountered as etiologic organisms of pneumonia in children on admission to hospital and may even predominate in children who present with pneumonia during the wet season in Africa or who are immunocompromised owing to malnutrition and human immunodeficiency virus (HIV) infection.*-" Community-acquired pneumonias in previously healthy hosts are usually caused by commensal flora of the nasopharynx. In a recent study that compared the nasopharyngeal flora from industrialized and warm-climate countries, a higher carriage rate of GNB was found in healthy children from Angola and Brazil than in children in the Netherlands, suggesting that GNB isolated from nasopharyngeal cultures might be associated with community-acquired pneumonia in warm-climate countries.'2 The purpose of the present study was to investigate the carriage rate of GNB isolated from the nasopharynx of young children with communityacquired pneumonia and healthy controls from Fortaleza, to see whether the carriage rate of GNB was indeed higher in children with community-acquired pneumonia. In addition, the antimicrobial resistance patterns of the isolated GNB were examined. The study was conducted as a component of an investigation of the nasopharyngeal carriage of respiratory pathogens in children under 5 years of age in Northeastern Brazil.
PATIENTS AND METHODS
The study was carried out in Fortaleza, the capital of the state of Ceara, Northeastern Brazil. The city has 2 million inhabitants and is situated at the Atlantic Ocean, 3 degrees south of the equator. Penicillin and cotrimoxazole arc the antibiotics most commonly used for the outpatient treatment of childhood pneumonia and are easily available without prescription.
Patients
From March 15, 1998 , to December 15, 1998, a single nasopharyngeal specimen was collected from children between 2 months and 5 years of age from a low-income socioeconomic background, who presented at the Emergency Department of one of the three major children's hospitals in Fortaleza (Hospital Infantil Albert Sabin, Hospital do Pronto Socorro Infantil, and the Child Health Assis tance Center) and who fulfilled the World Health Organization (WHO) criteria for community-acquired pneumonia. l3 Children with pneumonia were selected consecutively; weight and height were taken and a physical examination performed, including measurement of the body temperature and counting of the respiratory rate during 1 minute. Well-nourished children were above 80% of the expected weight for age (the expected weight for age was taken as the 50th percentile of the National Center for Health Statistics standard) and malnourished children were less than 80% of the expected weight for age.'* Using a standard questionnaire, the following information was recorded for each child: age, gender, symptoms and signs of disease, current and past treatment (including the number and name of antimicrobial drugs), and the number and reason of hospitalizations in the previous year. All information was gathered without knowledge of the child's carrier status. Children who had been on a full course (> 4 d) of antibiotic treatment in the past month, children who had been admitted to hospital in the previous 3 months, and children with wheezing were excluded. The control group consisted of children who were randomly recruited from 11 of the 150 public daycare centers, and 8 of the 50 public immunization clinics in the eight health districts of Fortaleza. Each unit was only visited once, and a median of 20 healthy children were selected on each occasion. Each child was sampled once and children were only enrolled in the study after informed consent was obtained orally from their parents. Finally, none of the children had received any vaccination against Spneumoniae or H. influenzae type b.
Bacterial Isolates
Nasopharyngeal specimens were collected on cottontipped swabs with flexible wire (Transwab, MW 173P Medical Wire and Equipment Co., Wiltshire, UK) by three trained research nurses, put into Amies transport medium, transported refrigerated within 4 hours to the Microbiology Laboratory of the Department of Pathology of the Federal University of Ceara, and processed immediately. The Transwabs were agitated in 2 mL of brain-heart infusion broth, and subsequently plated with a sterile swab onto blood (SBA-Gen), chocolate, and MacConkey agar. Streptococcus pneumoniae and H. inJluenzae were identified by standard laboratory procedures and stored at -70°C in MicrobankTM vials (Pro-Lab Diagnostics, Neston, UK). Gram-negative bacilli were identified by colony morphology and triple sugar iron identification in Brazil and subsequently shipped in semisolid agar in cryovials (Greiner Labortechnik GmbH, Solingen, Germany), by air, to the Clinical Microbiology Laboratory of the University Medical Center, Utrecht, The Netherlands. Confirmation of identity and antimicrobial susceptibility testing were determined by Vitek I automated system (Bio Merieux), and in selected cases identification was performed by analytic profile index (API) (Bio Merieux, France) and susceptibility testing by agar diffusion, using Rosco disks (International Medical, Copenhagen, Denmark), according to international standards. l5 The research protocol was approved by the Ethics Committee of the Medical Council of the state of Ceara in Brazil.
Statistics
The data were analyzed with SPSS-PC for Windows (version 8.0) software. Associations between categorical variables were tested using the cm-squared test or Fisher's exact test when appropriate. The t-test for independent samples and one way analysis of variance (ANOVA) were used to compare group means. Analysis of covariance (ANCOVA) was used to adjust for the confounding effect of age in children with pneumonia and children who carried GNB. A binominal test was used for the difference in carriage of cohabitant GNl3s.A P-value c 0.05 was considered significant.
RESULTS
This study included 912 children under the age of 5 years in Brazil: 482 (53%) had pneumonia and 430 (47%) were healthy controls.
There were 509 (56%) males; male:female ratios were similar in children with (54% male) and without (57% male) pneumonia. The mean age was 18.9 months (SD = 14.1 mo; range, 2-59 mo), and children with pneumonia were slightly older (mean age, 20.2 mo; SD = 13.2 mo; range, 3-59 mo) than healthy controls (mean age, 17.4 mo; SD = 14.9 mo; range, 2-59 mo) (p c 0.05). To 185 children an incomplete course of antibiotics (c 4 d) was administered, consisting of intramuscular penicillin in 20%, oral ampicillin or amoxicillin in 42%, cotrimoxazole in 30%, and erythromycin in 8% of cases. In 6%, the interviewer was unable to identify the antibiotic given by the parents. Among all of the children (912 studied), 271 (30%) carried aerobic GNB in the nasopharynx. Enterobacteriaceae were isolated in 130 (14%) nonfermentative GNB in 139 (15%), and fermentative non-enterobacteriaceae in 2 children (Aeromonas in both cases). Enterobacteriaceae were carried in the nasopharynx of 79 (16%) of 482 children with pneumonia and 51 (12%) of 430 healthy controls. Nonfermentative GNB were carried in the nasopharynx of 85 (18%) of 482 children with pneumonia and 54 (13%) of 430 healthy controls ( Table 1 ). The high prevalence of Acinetobacter species was remarkable. Cohabitant GNB were carried in the nasopharynx of 20 (4%) of 482 children with pneumonia and 3 (0.7%) of 430 healthy controls (p < 0.01) and involved in particular Acinetobacter (52%) and Pseudomonas (22%) species.
Demographic and clinical characteristics in relation to carriage with GNB are shown in Table 2 . Neither gender, nutritional status, season, previous hospital admission nor antibiotic use was associated with nasopharyngeal carriage with GNB. However, pneumonia and young age (< 1 y) were associated with increased carriage with GNB, whereas concomitant colonization with S. pneumoniae or H. infuenzae was associated with decreased carriage with GNB, both in children with pneumonia and in healthy controls (P < 0.05). After adjustment for age, the association between carriage with GNB and pneumonia became even stronger (P < 0.001).
Antimicrobial susceptibility testing revealed a high in vitro resistance rate of Escherichia species against ampicillin (61%) and cotrimoxazole (64%) and of Klebsie22u and Enterobacter species against cotrimoxazole (24% and 22%, respectively), which is probably related to the extensive use of these antibiotics in the outpatient treatment of children with acute respiratory tract infections in Fortaleza.
Resistance rates of Acinetobacter species were low, and 90% of these isolates were susceptible to gentamicin. There was no association between the clinical characteristics of the children and the antibiograms of the GNB, except that isolates from children with pneumonia more often showed reduced susceptibility to aminoglycosides than isolates from healthy controls (P < 0.05).
DISCUSSION
The data demonstrate that nasopharyngeal carriage with GNB was not uncommon and is associated with a clinical diagnosis of community-acquired pneumonia in young children in Brazil. Nasopharyngeal colonization with S. pneumoniae and H. influenzae was associated with decreased carriage with GNB. Known risk factors for colonization with GNB, such as neonatal age, debilitating diseases, prolonged hospitalization, previous antibiotic or immunosuppressive treatment, and significant malnutrition, were not present in these study children.16,17A remarkable observation was the high prevalence of Atinetobacter species.Acinetobacter spp are the second most frequent GNB isolated from patients with hospitalacquired pneumonia in Latin America, and one might speculate that the high rate of nosocomial A&zetoba&r infections results from increased carriage of the organism in the community. 'a The pronounced seasonal variation of Acinetobacter infections found in industrialized countries, with most infections occurring in late summer, further suggests that warm environment might be a potential risk factor. l9 There might be several explanations for the higher carriage rate of GNB encountered in children with pneumonia. In the first place, GNB might have been the etiologic organism of the community-acquired pneumonia. It has to be taken into account, however, that the microbiologic data were not based on sterile-site isolates but on nasopharyngeal aspirates that are of little value in identifying the etiologic organisms of invasive disease in individual patients. Gram-negative bacilli are infrequently recovered from the nasopharynx, and in industrialized countries they are unusual causes of community-acquired infection in otherwise healthy children beyond the neonatal period.
If pneumonia due to K. pneumoniae occurs, progression to lung abscesses should be anticipated, whereas pneumonias attributed to Acinetobacter spp are mostly nosocomial and may lead to cavitary destruction and empyema. 'a,*1 In hospital-and community-based studies in children from warm-climate countries, however, no correlation was found between severity of pneumonia and isolation of enteric GNB from normally sterile sites, whereas reports from adult patients showed that community-acquired pneumonia due to K,pneumoniae and Acinetobacter spp in South Africa and the Northern Territory of Australia, respectively, were associated with significant morbidity and mortality.7~9~22~23 Secondly, the pneumonia itself might have led to changes in the bacterial colonization and microflora of the mucosa of the nasopharynx. Johanson and colleagues in the United States found that oropharyngeal colonization with GNB in adult patients was associated with severity of illness and suggested impaired pharyngeal clearance mechanisms to be responsible.** Children in Papua New Guinea more frequently carried GNB during an episode of community-acquired pneumonia than when they were healthy, and in Rio de Janeiro, nasopharyngeal specimens yielded remarkably high numbers of GNB in children with pneumonia although no controls were examined to compare these findings with carrier rates in healthy children from the same environment.8*25
Buccal epithelial cells appear to contain binding sites for GNEI and the introduction of factors such as underlying disease may cause more of these sites to be available for binding of GNB, resulting in an increased adherence of these organisms to oropharyngeal cells.16 Although the precise mechanism responsible for these observations is unknown, it appears to involve an increase in salivary protease activity with a concomitant loss of cell-surface fibronectin, resulting in a lower colonization rate with resident oropharyngeal fl~ra.*~-*~ The authors' observation that colonization with GNB was associated with decreased carriage with S. pneumoniae and H. influenzue further suggests that interbacterial antagonism might play a role, but quantitative studies are necessary to confirm this finding.
Finally, previous use of antibiotics might have been higher in children with pneumonia than in healthy controls, because prior antibiotic use allows emergence of gram-negative flora. 29 In the present study, previous antibiotic use was determined by self-reporting of the adult accompanying the child, and the child's serum or urine was not tested for antibiotic activity. Self-reporting can be subject to recall bias or faulty memory Studies from Papua New Guinea, Brazil, and Argentina revealed that when parents are asked about prior use of antibiotics by their child, their positive reports are generally correct whereas their negative reports are misleading.2~8~30
Resistance rates to cotrimoxazole among gram-negative bacilli in developing countries have been reported to be clearly higher than those in industrialized countries. The authors' observations are similar to the data reported in the international WHONET surveillance program, which showed that only 38 to 59% of E. coli isolates and 47 to 77% of K.pneumoniue isolates in Latin America are susceptible to cotrimoxazole, whereas the corresponding rates for in the United States and Sweden are 87 to 93% and 77 to 91%, respectively.31 Resistance rates of Acinetobacter spp were still low when compared with strains isolated from the hospital environment, where most isolates are resistant to gentamicin and multiresistant strains are emerging, in particular in ventilatorassisted pneumonia. '8,21,32,33 CONCLUSIONS Nasopharyngeal carriage with GNB, in particular with Acinetobacter spp, is common, and in children in Brazil it is associated with a clinical diagnosis of communityacquired pneumonia. For now, the clinical implications of the findings of this study remain unclear, and further studies of epithelial cell receptors for adhesion of respiratory pathogens and mechanisms of bacterial antagonism in warm-climate countries are required.
